cyl-glycine and leucyl-leucine, were reported in a previous communication (1) . B y means of precipitin and inhibition tests it was found that these peptides were serologically distinct and t h a t their specificity was determined primarily by the terminal amino acid and to a lesser extent by the second amino acid. These experiments were taken up again and extended to other peptides.
Preparation of Peptides and Their Nitrobenzoyl and Aminobenzoyl Derivatives
The following peptides were prepared according to the methods given in the papers referred to: diglycyl-glycine, triglycyl-glycine, tetraglycyl-glycine, di-d,l- The melting points were made with the analyzed substances but were not checked by further purification. 769
Glycyl-d,l-Leucyl-Glycyl-Glyclne.--A solution of 1 part of chloracetyl-d,lleucyl-glycyl-glycine in 10 parts of ammonium hydroxide (28 per cent) was heated in a sealed tube at 100°C. for 1½ hours. The solution was evaporated to dryness in vacuo, the residue dissolved in water, treated with a solution of silver sulfate to remove CI-, and subsequently with hydrogen sulfide. Mter removal of silver sulfide and evaporation in vacuo to a small volume just enough barium hydroxide was added to free the solution from sulfates. The solution was evaporated to dryness in vacuo, the material dissolved in a very small amount of water, 10 volumes of absolute alcohol and 20 volumes of ether were added and the sticky precipitate was rubbed with a mixture of 1 part of absolute alcohol and 2 parts of dry ether until it became granular. Yield 2,4 gin. from 3 gin. of the chloracetyl compound. Amorphous, decomposes when heated above 120 °. Analysis: Mter drying at 100 ° in vacuo over CaCI~; calculated for C19.H220sN,: N 18.51, found 18.40.
Chloracetyl Ammonia was removed by evaporation to dryness in vacuo and the substance was purified by the silver sulfate method. The solution of the peptide was evaporated to dryness in vacuo, the substance was dissolved in 15 cc. of water, 300 cc. of absolute alcohol were added and subsequently 3 volumes of dry ether to precipitate the pepfide. Yield 4 gm. from 6 gm. of chloracetyl compound. The substance proved to be impure (calculated for C14H~sO6Ns: N 19.49, found 18.27). It was converted into the nitrobenzoyl derivative which crystallized easily and gave a correct analytical value for N.
The preparation of the p-nitrobenzoyl and p-aminobenzoyl derivatives of the following amino acids and peptides has been described previously (1) 
The nitrobenzoylation of the other peptides was in general made in the following manner.
A solution of 0.1 tool of the peptide in 600 cc. of 10 per cent sodium bicarbonate was mixed with 300 cc. of chloroform and a total of 55.5 gin. of finely ground pnitrobenzoyl chloride (0.3 mol) was added in 5 equal portions over a period of 1½ hours with vigorous shaking at room temperature. Ether was added and the aqueous solution, after separation from the ether-chloroform mixture, was filtered and made acid to Congo red by addition of hydrochloric acid. The precipitate was filtered off, washed with water and dried at 45 ° in vacuo. (The precipitate of the crude nitrobenzoyl derivative separated either immediately or after a longer time, up to 1 or 2 days, at low temperature). The substances were finely ground and extracted several times with boiling ether to remove p-nitrobenzoic acid. They were then dissolved in water by addition of alkali, reprecipitated with acid and after drying again extracted with ether.
The p-aminobenzoyl peptides were obtained by reduction of the p-nitrobenzoyl peptides as follows:
The nitrobenzoyl peptides, dissolved in about 3 parts of water by addition of a slight excess of ammonium hydroxide and heating, if necessary, were added to a hot solution of ferrous sulfate, 7 aq. volumes of alcohol were added, ammonium sulfate was filtered off, the filtrate evap~orated to dryness i n vacuo, the residue dissolved in a small amount of water and after addition of hydrochloric acid to weak acidity to Congo red, the solution was concentrated in a vacuum desiccator until the aminobenzoyl peptide separated. d,l-leucyl-glycyl-glycine the solution was evaporated in vacuo to a small volume, 10 volumes of alcohol were added, ammonium sulfate filtered off and the alcoholic solution evaporated to dryness in vacuo. The substance was dissolved in a small amount of alcohol and precipitated by addition of ether. After drying, it was dissolved in 2 parts of water and enough 5 ~r hydrochloric acid was added to make the solution weakly acid to Congo red. After being kept for 2 days at room temperature, the precipitate was filtered off and recrystallized from 5 volumes of water, using norit for decolorizing. Crystallization was allowed to take place for 2 days at room temperature. 
p-Amlnobenzoyl-Trileucyl-Glycyl-Glycine (Inactive).--The nitrobenzoyl peptide
was converted into the amino compound by dissolving 2.5 gm. in 70 cc. of 60 per cent alcohol containing 1.5 cc. concentrated ammonium hydroxide and reducing with ferrous sulfate, as described above. After heating on the steam bath the solution was faltered, the ferric hydroxide precipitate washed with hot 50 per cent alcohol and the combined solutions concentrated in vacuo to a small volume.
The amorphous substance was filtered off after addition of sufficient hydrochloric acid to make the liquid weakly acid to Congo red. It was dissolved in a small amount of water by addition of alkali, the sdution was made acid to Congo red with hydrochloric acid, some acid-insoluble material was removed by centrifugalization and the amino compound was reprecipitated from the solution with the required amount of alkali. Yield 1. p-Aminobenzoyl-Glutathione.--Mter reduction of the nitro compound the solution was concentrated in vacuo to a small volume. Upon addition of hydrochloric acid a sticky yellow precipitate was formed which was separated from the liquid and redissolved in water by addition of sodium hydroxide. The amino compound was precipitated from the neutral solution in the form of a copper salt by addition of copper sulfate. After filtration and washing with water the copper salt was suspended in water and decomposed with hydrogen sulfide. Mter filtration the copper sulfide was extracted with hot alcohol. The aqueous solution and the alcoholic extract were joined and evaporated to dryness, the substance was dissolved in alcohol and precipitated with 6 volumes of ether. Yield 1.2 gm. from 2.7 gm. of nitrobenzoyl compound. Amorphous, decomposes without melting above 105 °. Analysis: After drying at 80 ° in vacuo over H~SO4; calculated for the reduced form, C17H22OTN4S: N 13.14, S 7.51; found N 12.92, S 7.58.
Serological Tests
Preparation of Antigens.--The antigens were made as described previously (1) . The azoproteins used for immunization were purified by repeated washings with saline, omitting the precipitation with alcohol. Some of the antigens, namely those used for the production of the immune sera GL No. 2 and LG No. 2 were prepared with one-half of the indicated quantity of the aminobenzoyl pepfides.
Immunization and Tests.--The immunization was carried out as described (8). 2 cc. of a solution containing 10 mg. in 1 cc. were used per injection.
On repeating precipitin tests with new GL and LG immune sera, 3 these sara appeared to be less specific than those described (1), and showed stronger cross-reactions between peptides containing the same terminal amino acid; e.g., the GL serum with L2 antigen and the LG serum with G2 antigen. One of the LG sara gave a faint group reaction with the L2 antigen (9) , and a more marked precipitation was observed with a G, antigen and a GL serum. These results could not be explained entirely by the greater strength of some of the sara and may be due to the individually different response of the immunized animals, or possibly to the change in technique of preparing the immune sara.
Reactions with these and other immune sara on a series of "peptide-" and "amino acid-azoproteins" are summarized in Table I . In most cases distinct group reactions occurred whenever the antigens tested contained peptides with the same terminal amino acid as that present in the homologous azoprotein, and the reactions were, as a rule, the stronger the greater the similarity in structure of the terminal part of the peptide chain. On the other hand, in a number of combinaa As in the previous paper the peptides will be designated by abbreviations such as G for glycine, G2 for glycyl-glycine, GL for glycyl-leucine, etc. tions there were no or faint cross-reactions, although the substances tested have the same terminal amino acid (carrying the free carboxyl group) as the homologous antigens, e.g.: immune serum G A-antigen LaGs; immune serum Gs + antigens LG and glutathione; immune serum LG2 A-antigens G and glutathione; immune serum glutathione qantigens LG, GsLGs, LaGs. ~ Similarly, there was a marked difference in the reactions of the two tripeptides GLG and LG2 when tested with LG2 immune sera, and it is worth noting that the (pentapeptide) LeGs antigen gave rather weak reactions with the immune sera LG and Ge, whereas it reacted distinctly with the immune serum for LG2 to which it is more closely related chemically. Some overlapping reactions apparently were caused by the correspondence of amino acids not occupying the terminal position in the peptide chain; e.g., one immune serum Ge reacted moderately with the antigens G2L, GeL, G~L.
In the experiments presented the only immune sera used were two sera for di-and three for tripeptides and the peptides used (apart from glutathione)were built up solely from glycine and leucine. These precipitin tests, still limited in extent, did not, on the whole, demonstrate great serological diversity. Significantly different were the results of inhibition tests carried out with nitrobenzoyl derivatives of the peptides. The readings are given in Table II . The data presented in Table II reveal a striking degree of specificity. Thus the sera GL and LG show marked group reactions only with the peptides which are very closely related in structure, namely the LG serum with the substance GLG and the GL serum with G2L, GeL and G~L, but even these reactions are considerably weaker than the reactions with the homologous substances.. Likewise, with the tripeptide sera G3 (No. 1) and LGs marked cross-reactions occurred only when the structure of the substances tested was identical with that of the homologous substance with regard to the three amino acids at the free end of the chain. For instance, the sera Ge distinguish between the substances LG2 and Ge or G~LG2 and G5 and the serum LG2 between GLGs and G4, etc.
The greater specificity of the inhibition reactions, as compared to 4 The glutathione immune serum did not react on an azoprotein made with glutaminic acid. that of the precipifin tests, cannot be explained on the basis of our present information and this question will require further study. It may be worth noting that with the precipitin tests, too, reactions of higher specificity may be obtained after absorption with heterologous antigens (9) . The investigations are being continued along the lines indicated in our previous communication(l).
SUMMARY
In continuation of previous studies immune sera for azoproteins made from aminobenzoyl dipeptides and tripeptides were tested with various peptide azoproteins by precipitin tests and with nitrobenzoyl derivatives of peptides by means of inhibition reactions. When examined with the latter method, the immune sera exhibited a high degree of specificity and permitted the recognition of distinctions among peptides of similar structure.
